The long-term seepage of hydrocarbons, either as macroseepage or microseepage, can set mineralogical changes. The bacterial oxidation of light hydrocarbons can directly or indirectly bring about the stability fields of the different mineral species present in that environment. The paper reports the role of hydrocarbon microseepage in surface alterations of trace metal concentrations. In this study trace metal alterations were mapped that appear to be associated with hydrocarbon microseepages in the oil/ 2-2.5 m. The paper reports the chemical alterations associated with trace metals in soils that are related to trace elements were tremendously increased when they were compared with their normal concentrations 2+ (C 2 6 , C 3 8 and n-C 4 10 2+ ) anomalies showed good correlation with the existing oil and gas wells.
Introduction
Surface geochemical prospecting for hydrocarbons comprises investigation of near surface soils/sediments for occurrence of hydrocarbons that may indicate the location of subsurface petroleum reservoirs. Surface geochemical vertically to the surface and get adsorbed in the near surface 2002). These light gaseous hydrocarbons may be detected either directly (adsorbed soil gas or free gas) or indirectly (microbial indicators, trace element geochemistry) through the geochemical changes they induce and an anomaly at the surface can be reliably related to a petroleum accumulation at a deeper level. The long-term seepage of hydrocarbons, either as macroseepage or microseepage, can set up nearof a diverse array of chemical and mineralogical changes (Donovan, 1974; Petrovic et al, 2008 ; Khan and Jacobson, sole source of food and are found to be enriched in the near surface soils/sediments above oil and gas reservoirs, hence the bacteria are used as indicators for finding oil and gas reservoirs (Rasheed et al, 2011) . The bacterial oxidation of light hydrocarbons can directly or indirectly bring about environment, thereby also changing the stability fields of the different mineral species present in that environment. These changes result in the precipitation or dissolution and 1984; Price, 1986) . It is also believed that hydrocarbons along with inorganic components associated with oil are continuously migrating to the surface which forms the basis for surficial petroleum investigations with regard to trace metals (Petrovic et al, 2008) . The alterations occur because of the interactions of metals with soil organic matter. The effect of organic matter may be by interaction due to their adsorption properties and complexation capacity, or indirectly organo-mineral complexes being formed. Trace elements in soils have various origins which include lithogenic elements that are directly inherited from the lithosphere (parent material); anthropogenic elements are direct or indirect results of human activities and pedogenic elements are of lithogenic and anthropogenic origins but their distribution in transformation and other pedogenic processes. Soils consists of a heterogeneous mixture of different organic and organosoluble substances. The binding mechanisms for trace metals are therefore complex and vary with the composition of the soil, soil acidity and redox conditions. The complexity of all possible reactions occurring in soil includes dissolution, sorption, complexation, migration, precipitation, occlusion, diffusion, binding by organic substances, absorption & in these parameters affect most of the processes regulating the speciation of any metal in soil (Kabata-Pendias, 1993; Calmano et al, 1993) . The metal ions will be adsorbed by and organic complexation (Gast, 1979) . The metal ions will polymers, clay minerals and oxides.
Recent research in soil science has revealed that changes biological processes in the soil substrate. Surface geochemical procedure. Petroleum microseepage into the soil substrate causes several chemical reactions and microbial oxidation elements are highly soluble in acid solutions but will be Oxidation-reduction potential plays an important role on the of petroleum deposits (Duchscherer, 1984) . The migrating hydrocarbons create a reducing environment in the soil and subsurface, which increases the solubility of many trace and major elements. This paper reports the chemical alterations associated with trace metals in soils that are related to hydrocarbon microseepages above some of the major oil and gas fields Krishna Godavari Basin, India.
Geology of the study area
The Krishna-Godavari Basin is a pericratonic rift margin Indian Peninsula (Kotha, 2002) . It covers an area of 28,000 The basin is divided into the Krishna, East Godavari and West Godavari depressions separated by basement highs at NE-SW faults. The West Godavari sub-basin is sub-divided into the Gudivada and Bantumilli graben, separated by the sediments brought by the Godavari delta system attained a result of continuous subsidence and growth fault related tectonics (Sanyal et al, 1998) . The depositional environment varies from continental to lagoonal, littoral, infraneritic, deltaic and marine conditions. The sediments yield rich faunal arenaceous foraminifera (Ammobaculites sp., Ammodiscoides sp., etc.), Trigonia, Inoceramus, Lima, Pecten, Belemnites, Helicoceras, Cardita, Lamellibranchs and Gastropods map of the Krishna-Godavari Basin is shown in Fig. 1 . 
. L i g h t h y d ro c a r b o n a n a l y s i s u s i n g g a s chromatography
The light gaseous hydrocarbons were extracted from the light gaseous hydrocarbons after acid treatment in glass samples that had higher concentrations of hydrocarbons. During acid treatment, the dominant gas released was CO 2 hydrocarbons were collected by water displacement in a graduated tube fitted with rubber septa. The volume of desorbed gas was recorded and 500 L of desorbed gas sample was injected into gas chromatograph (Varian CP measurements and a correction for moisture content on a wet basis was also applied. The hydrocarbon concentration values of individual hydrocarbons from methane through pentane are
Physico-chemical analysis
conductivity (EC), total dissolved solids (TDS) and oxidationstar).
Analysis of trace elements using inductively coupled plasma mass spectrometer (ICP-MS)
The analysis of trace elements in the soil samples was
The chemical analyses of the soil samples were carried out an inductively coupled plasma as a method of producing and capable of determination of a range of metals and several non-metals at concentrations that are less than one part in 10 12 .
3 and 4 was added to the sample and left over night at room temperature, and the samples were dried at 200 o C on a 3 and double distilled water were added and heated for 10 minutes on a hotplate at 200 o C. Finally, rhodium as internal standard was added and made up to standard deviation and comparable accuracy was obtained by this method. The analytical procedures and protocols Balaram et al (1996) and Rao and Govil (1995) .
Results and discussion

pH
8.88 with an arithmetic mean of 8.18 and standard deviation above the oil and gas accumulations, and it is below 6 around the periphery. The acidic nature of soils prevents adsorption and precipitation as oxides and hydroxides. The concentration soils around the periphery is the main cause of acidity of the soils. The soil acidity is the main reason for creating an be 7 to 8 around gas producing areas; around oil producers, it is 8 to 8.5 and around non-producing oil/gas areas, it is area are observed to be in the range for a gas producing area, which is true as the majority of the wells in the KG Basin are gas producers. 
EC
The amount of soluble salts in soils is generally estimated extracts. The EC of the near surface soils in the study area ranges from 76 to 3,490 S/cm at 25 o C, with an arithmetic mean of 888 S/cm and a standard deviation of 963 S/cm is found to be a useful parameter to locate gas and gas in electrical conductivity above areas of gas accumulation areas.
Eh
Petroleum microseepage causes several chemical reactions in the near surface soil. The near surface change of Eh and of trace elements. Oxidation-reduction potential plays an important role in the mobility of elements. The Eh in the near surface soils of the study area ranged from 142 to 295 mV with arithmetic mean of 205 mV and standard deviation of 32 mV (Table 1) 
Trace element geochemistry
the study area are given in Table 2 . The trace metals scandium are considered for the study and the concentrations of each of the trace elements varied in the following manner. The concentrations of each of the trace elements Sc (8 to 40 mg/ normal values in soil samples of the study area is given in Table 3 . The concentrations of trace elements in normal soils It was observed that the concentrations of trace elements were tremendously increased when compared with normal concentrations in soils.
The concentration distribution maps of these trace elements in the study area can be seen with their respective 2+ (Figs. 2, 3 , 4, 5, 6, 7, 8 and 9). The trace elements anomalies are located in the Trace elements concentration distribution showed good correlation with the existing oil and gas wells. Increased amounts of soluble Ni, V, Cu, Cr, Zn and Co have been observed in the reducing environment caused by the seepage of hydrocarbons. In the reducing environment, solubility of metals increases and transport occurs. Due to hydrodynamic although they do not leave the reducing area (Tedesco, 1995) . When oil migrated, the trace-elements within the oil also migrate, and these can get added to trace metals of soil and they may experience the same chemical changes as those of soil trace metals in the hydrocarbon seepage areas. Vanadium related to hydrocarbon reservoirs have been reported by oxide and sulphide minerals, several metals including Ni, V, around the hydrocarbon anomaly when reducing conditions are created due to hydrocarbon accumulation (Nissenbaum and Swaine, 1976) . Recent geochemical studies carried in metal vanadium is transported to the surface by the uplifting the fact that vanadium content is closely related to bacterial anomalies that feed on the seeping hydrocarbons. It is reported that the concentrations of V, Zn and Ba are seen concentrated over the faults and lineaments, which might have provided the migrational pathway for their transportation (Larriestra et present study area, were found to be extremely high, which is evidence of hydrocarbon microseepage in the Krishna Godavari Basin.
Integration with adsorbed soil gases
Trace elements concentrations have been used as indirect
This study compares the trace elements with direct detection of adsorbed light hydrocarbon soil gas concentrations and explains how the trace elements concentrations vary near hydrocarbon anomalies. The compositional correlation is concentrations and hydrocarbon anomalies. The adsorbed soil gas analysis showed the presence of high concentrations 2+ (C 2 6 , C 3 8 and n-C 4 10 ) ranged between 7 to 222 2+ ) anomalies showed good correlation with the existing oil and gas wells (Figs. 2, 3, 4, 5, 6, 7, 8 and 9) . The adsorbed soil gas anomalies were seen in the centre and also adjacent to the trace metal anomalies. observed in north-east and south-west parts of the study area, and scanty in the middle part of the study area except for Cu and Ni. By observing the composite maps of hydrocarbons and trace elements, clearly indicate that trace elements are accumulated around the hydrocarbon anomalies, creating a halo pattern. The study shows that most of the trace elements follow a halo pattern encircling an apical pattern of hydrocarbon seepage indicating the presence of a reduced body in the subsurface. The composite maps of hydrocarbons and trace elements, clearly indicate that trace elements are accumulated around the hydrocarbon anomalies, creating a halo pattern. Trace elements occur as a near surface 'halo' for hydrocarbon anomalies (Siegel, 1974) . Duchscherer (1983) reported that trace element associations form organometallic compounds, are found "haloed" or concentrated over or around underlying hydrocarbon reservoirs. In the present 290  280  270  260  250  240  230  220  210  200  190  180  170  160  150  140  130  120 Latitude, decimai degree .Sci.(2013)10:19-29 study area of the Krishna Godavari Basin, the concentration cobalt, copper and manganese showed inverse correlation whereas those of strontium and barium showed positive correlation with the migrating hydrocarbons. 13 C 1 of the samples values indicate thermogenic origin, which presents convincing evidence that the adsorbed soil gases collected from these sediments are of catagenetic origin. Enrichment of trace elements seen around the hydrocarbon anomaly helps verify the correlation between microseepage and trace elements concentrations. That enrichment of trace elements in one or an important search tool for hydrocarbon anomalies.
Conclusions
The concentrations of trace elements showed excellent correlation with existing oil and gas wells in the study area. The anomalies of trace elements are found to be in good agreement with geological information available for the area 2+ and trace elements correlate well with the underlying hydrocarbon reservoirs in the study area. The increase in the concentrations of trace metals near oil/gas producing areas, suggests a soil chemical change to a reducing environment, presumably due to the influence of hydrocarbon microseepage, which could future hydrocarbon exploration in the frontier areas. The trace element studies in correlation with adsorbed soil gas studies from the subsurface and help in finding hydrocarbon microseepage in petroliferous regions. The experimental exploration. This is of high significance, especially now when globally petroleum reserves replacement is becoming a challenge.
